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ABSTRACT 

Laboratory s t u d i e s  sugges t  t h a t  improvements of coke s t r e n g t h  brought  about  by pre- 
h e a t i n g  caking c o a l s  before  c a r b o n i z a t i o n  accrue from i n a d v e r t e n t  o x i d a t i o n  r a t h e r  than  
from p h y s i c a l  changes i n  t h e  c o a l  mass due t o  removal of moisture .  
of h ighly  caking c o a l ,  fol lowed by carboniza t ion ,  produces cokes which, i n  terms of 
s t r e n g t h ,  are equiva len t  t o  t h o s e  obta ined  from prime m e t a l l u r g i c a l  b lends .  Appro- 
p r i a t e l y  formulated b lends  of exhaus t ive ly  oxidized and f r e s h  caking c o a l  s i m i l a r l y  
y i e l d  cokes whose p r o p e r t i e s  are comparable t o  those  cokes made from t h e  same c o a l  a f t e r  
o x i d a t i o n  under optimum condi t ions .  

I n  e x e r c i s i n g  q u a l i t y  c o n t r o l  over  t h e  manufacture of  m e t a l l u r g i c a l  cokes,  i t  i s  f r e -  
quent ly  found u s e f u l  t o  p r e h e a t  the  oven-charge i n  an i n e r t  atmosphere a t  some temper- 
a t u r e  between 150' and 350°C. The p r i n c i p a l  b e n e f i t  of such t rea tment  is a s u b s t a n t i a l l y  
shortened carboniza t ion  c y c l e  (Q) and,  hence, g r e a t e r  oven p r o d u c t i v i t y ;  bu t  i n  some 
i n s t a n c e s ,  i t  has a l s o  been observed t o  r e s u l t  i n  somewhat g r e a t e r  s t r e n g t h  of t h e  
f i n i s h e d  cokes,  and t h i s  has  been a t t r i b u t e d  to h igher  bulk  d e n s i t y  and b e t t e r  thermal  
c o n d u c t i v i t y  of t h e  charge a f t e r  removal of moisture  (2). 

Bearing i n  mind t h a t  even very  s l i g h t  ox ida t ion  a f f e c t s  t h e  r h e o l o g i c a l  p r o p e r t i e s  of 
caking c o a l s  (?), nd t h a t  prehea t ing  tends  t o  reduce t h e i r  maximum d i l a t a t i o n  (A),  i t  
appears ,  however, j u s t  as l i k e l y  t h a t  g r e a t e r  coke s t r e n g t h  accrues  from i n a d v e r t e n t  
o x i d a t i o n  of the c o a l  dur ing  p r e h e a t i n g ,  and the  s tudy  repor ted  below does,  i n  f a c t ,  
i n d i c a  Le-i-his-to -be- che m o r c  correFt-view.  

Cont ro l led  o x i d a t i o n  

- 

EXPERIMENTAL 

For t h e  purposes of t h i s  i n v e s t i g a t i o n ,  t h r e e  Appalachian hvAb c o a l s  ( s e e  Table  l ) ,  
a l l  charac te r ized  by h igh  (Giese le r )  f l u i d i t y  and very pronounced (maximum) d i l a t a t i o n  
( s e e  Table  2) ,  were used. 

I n  one set of experiments, samples of  t h e s e  c o a l s  were preheated f o r  vary ing  per iods  of 
t i m e  i n  a sand ba th  a t  180 f 3°C whi le  commercial "pure" n i t r o g e n  o r  hel ium (from 
Canadian Liquid AiflLtd. and Union Carbide Canada Ltd . ,  r e s p e c t i v e l y )  w a s  passed through 
them a t  -10 m l  min . I n  a second, t h e  same procedure w a s  used,  b u t  t h e  i n e r t  gas  w a s  
thoroughly p u r i f i e d  by p a s s i n g  i t  through a f ixed  bed of m e t a l l i c  n i c k e l  on lamp b lack  
a t  80OoC (2) b e f o r e  admi t t ing  it t o  t h e  c o a l  samples. 

A f t e r  cool ing  to room temperature  i n  t h e  p r o t e c t i v e  atmosphere, p o r t i o n s  of  t h e  pre- 
hea ted  samples were then t e s t e d  f o r  t h e i r  d i l t o m e t r i c  and f l u i d i t y  c h a r a c t e r i s t i c s ,  and 
o t h e r s  w e r e  carbonized a s  prev ious ly  descr ibed  (6) and submit ted t o  coke s t r e n g t h  tests. 
S t r e n g t h  w a s  expressed i n  terms of t h e  F Index (6)  which, over  a wide range of v a l u e s ,  
i s  d i r e c t l y  propor t iona l  t o  t h e  ASTM cokz- i?abi l i ty  f a c t o r .  
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To avoid a b a s i s  f o r  comparison with oxid ized  c o a l ,  one of t h e  t e s t  c o a l s  (No. 3) was 
a l s o  exposed t o  oxygen ( a t  200°C) and t o  a i r  ( a t  100°C and 150°C) f o r  vary ing  per iods  
of t i m e ,  and then examined l i k e  t h e  prehea ted  samples. 

RESULTS AND DISCUSSION 

After  prehea t ing  under thoroughly p u r i f i e d  n i t r o g e n  o r  helium f o r  24 hours ,  t h e  
rheologica l  p r o p e r t i e s  of a l l  t h r e e  c o a l s  were found t o  be e n t i r e l y  unchanged. But 
prehea t ing  under commercial "pure" n i t r o g e n  o r  hel ium caused r a p i d  l o s s  of f l u i d i t y  
and progress ive  decrease  of t h e  (maximum) d i l a t a t i o n  - al though a t  t h e  same t i m e  very 
s i g n i f i c a n t l y  r a i s i n g  the  s t r e n g t h  of t h e  coke o b t a i n a b l e  from t h e  prehea ted  coa l .  
F igure  1, i n  which t h e  bracketed numbers r e f e r  t o  coke s t r e n g t h ,  i l l u s t r a t e  t h e s e  
e f f e c t s  f o r  prehea t ing  i n  n i t rogen .  (Prehea t ing  i n  helium y i e l d e d  very  s i m i l a r  results, 
except  t h a t  f l u i d i t i e s  then decreased even f a s t e r ,  poss ib ly  due t o  a h igher  r e s i d u a l  
oxygen content  of t h i s  gas . )  

The enhanced coke s t r e n g t h s  shown i n  F igure  1 a r e  q u a l i t a t i v e l y  p a r a l l e l e d  by t h e  
v a r i a t i o n  of t h e  s t r e n g t h s  of cokes made from v a r i o u s l y  oxid ized  c o a l  N o .  3 ( s e e  
F igure  2 ) .  A s  a n t i c i p a t e d ,  t h e  o x i d a t i o n  per iod  t o  optimum o x i d a t i o n  depended on t h e  
s e v e r i t y  of t h e  t rea tment ,  and thus  ranged from 15 minutes  ( f o r  oxygen a t  200OC) t o  
60 hours ( f o r  a i r  a t  100'C). But i n  a l l  t h r e e  cases, a l i m i t e d  o x i d a t i o n  of t h e  coa l  
before  carboniza t ion  i s  seen t o  r e s u l t  i n  q u i t e  dramatic  improvements of coke q u a l i t y .  
The t o t a l  oxygen c o n t e n t s  of t h e  c o a l  samples a f t e r  optimum pre-oxida t ion  and oxida t ion  
t o  t o t a l  l o s s  of caking p r o p e r t i e s  a r e  shown i n  Table 3 .  

V e r i f i c a t i o n  of t h e  conclus ion  t h a t  s l i g h t  "acc identa l"  ox ida t ion  of t h e  c o a l  dur ing  
prehea t ing  i n c r e a s e s  coke s t r e n g t h  w a s  ob ta ined  from semi- technica l - sca le  tests i n  a 
500 l b  movable w a l l  oven*. In one test, f r e s h  No. 3 c o a l  was charged,  and i n  a second, 
preheated No. 3 (96 hours  a t  17O-19O0C) w a s  carbonized.  Prehea t ing  w a s  done i n  an 
external ly-pas-heated hopper through which commercial "pure" n i t r o g e n  w a s  passed a t  
900 m l  min ( s e e  F igure  3 ) .  

The d a t a  obtained from evalua t ion  of t h e  two coke l o t s  made i n  t h e  exper imenta l  oven 
a r e  shown i n  Table 4 and e s t a b l i s h e d  a 10 p o i n t  improvement i n  t h e  ASTM s t a b i l i t y  
f a c t o r  when t h e  preheated charge was used. But perhaps even more i n t e r e s t i n g ,  i n  the 
c o n t r o l  of t h i s  s tudy ,  i s  t h e  v a r i a b i l i t y  of coke s t r e n g t h s  observed when smaller 
(20 l b )  samples, withdrawn from d i f f e r e n t  l o c a t i o n s  i n  t h e  hopper, w e r e  carbonized 
i n  t h e  labora tory .  This  v a r i a t i o n  is g r a p h i c a l l y  presented  i n  F igure  4 i n  which t h e  
bracketed numbers at t h e  sampling p o i n t s  show t h e  maximum d i l a t a t i o n  of t h e  preheated 
c o a l  before  carboniza t ion .  Comparison of F igures  3 and 4 shows t h a t  t h e  poin t  of 
n i t rogen  ent+y i n t o  t h e  hopper charge - which is presumably a l s o  t h e  p o i n t  a t  which 
t h e  h ighes t  concent ra t ion  of contaminant oxygen would be  encountered - l i e s  i n  a zone 
from which maximum coke s t r e n g t h s  and minimum d i l a t a t i o n  were recorded.  

Since F igure  4 shows t h e  preheated hopper charge t o  have been almost  as heterogeneous 
a s  a c o a l  blend,  one f u r t h e r  series of l a b o r a t o r y  carboniza t ion  experiments  was c a r r i e d  
o u t  with v a r i o u s l y  formulated blends of f r e s h  and "exhaust ively" oxid ized  c o a l  No. 3.  
("Exhaustive" oxida t ion  h e r e  means o x i d a t i o n  t o  t o t a l  loss of caking p r o p e r t i e s . )  
The r e s u l t s  of these  t e s t s  are summarized i n  F igure  5 and show t h a t ,  i r r e s p e c t i v e  of 
t h e  manner of  ox ida t ion ,  a d d i t i o n  of ox id ized  c o a l  can be  a n  e f f e c t i v e  means f o r  
maximizing coke s t r e n g t h .  Scanning e l e c t r o n  micrographs ( see  F igure  6 )  underscore t h i s  
conclusion by showing t h a t  t h e  microscopic  s t r u c t u r e  of cokes made from opt imal ly  
composed blends of f r e s h  and exhaus t ive ly  oxid ized  c o a l  No. 3 compares very  favorably 
wi th  t h a t  of coke made from a prime mvb caking c o a l  a lone .  

*These tests were conducted i n  c o l l a b o r a t i o n  wi th  t h e  Energy Research Labora tor ies ,  
F u l l e r  d e t a i l s  of t h i s  program Department of Energy, Mines and Resources ,  Ottawa. 

w i l l  be publ ished elsewhere. 
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Table 3. Oxygen Contents o f  Oxid ized No. 3 Coal. 

( I n i t i a l  101 = 6 . 2 % )  

Ox ida t ion  
method 

A i r  a t  l00"C 

A i r  a t  150°C 

Oxygen a t  
2oooc 

Oxygen contents ,  (% w/w)  

a f t e r  "Optimum" Ox i d a t  i on  

* ( 6 0 )  ?: 

7 ' 1  ( 6 )  

6 . 4  ( 0 . 2 5 )  

a f t e r  Ox ida t i on  t o  To ta l  
Loss o f  Caking P roper t i es  

"Bracketed numbers show t ime  o f  o x i d a t i o n  (h rs )  t o  oxygen contents. 

Table 4. Eva lua t i on  o f  Cokes from Tests i n  500 l b  Movable-Wall Oven 
-~ _ _  - -  

I I 
ASTM I S t a b i l i t y  Factor ,  (%) I Factor ,  (%) 

1 .  Fresh Coal 

2 .  Preheated Coal 
(Ni t rogen;  170- 
1 9 O o C ,  96 h r s )  

35.2 

45.8 

64.5 

64.5 
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Breeze, (% o f  
4 i n  f r a c t i o n  

3.9  

3.6 



MAXIMUM DILATATION % 
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